Background: Pruritus in patients undergoing hemodialysis reduces quality of life via insomnia and depression, and negatively affects prognosis. For diagnosing pruritus, selecting therapeutic strategies, and determining therapeutic outcomes, methods are needed for objectively quantifying the degree of itchiness. In 2015, the Japanese version of the 5-D itch scale (5D-J), originally developed in the USA in 2010, was developed as a simple self-administered questionnaire; it evaluated the degree of itchiness based on five components: (1) duration of itchiness, (2) degree of itchiness, (3) direction of itchiness, (4) disability caused by itchiness, and (5) distribution of itchiness. 5D-J is useful for comprehensively assessing multiple elements related to itchiness. We used 5D-J to assess the degree of itchiness experienced by patients undergoing hemodialysis to investigate its clinical usefulness. Methods: Subjects were 336 patients undergoing maintenance hemodialysis at our facility in October 2016; they were selected from 383 patients, of whom 20 were excluded because their itchiness had a dermatologic origin and 27 were excluded because their localized itchiness was related to vascular access, respectively. The status of itchiness (duration, degree, direction, disability, and distribution) of the patients was surveyed in October 2016 using 5D-J; total scores were calculated and used for assessing the itchiness experienced by patients. We additionally investigated whether 5D-J scores correlated with visual analog scale (VAS) and Shiratori severity scores for pruritus. Results: Degree was reported as "not present" by 124 patients (36.9%), "mild" by 164 (48.8%), "moderate" by 46 (13.7%), "severe" by 2 (0.6%), and "unbearable" by 0 (0%). Total score was 5 points in 55 patients (16.4%), 6-9 in 176 (52.4%), 10-14 in 95 (28.3%), 15-19 in 9 (2.7%), 20-24 in 1 (0.3%), and 25 in 0 (0%). The 5D-J total and VAS scores were strongly correlated (r = 0.7159; p < 0.001). The 5D-J total score correlated with "daytime itchiness" (r = 0.6441; p < 0.001) and "nighttime itchiness" (r = 0.6352; p < 0.001) on the Shiratori severity score. Conclusions: 5D-J may be useful for objectively assessing itchiness experienced by patients undergoing hemodialysis.
Background
Approximately 60-80% of patients undergoing hemodialysis have pruritus, and many cases are refractory to treatment [1] [2] [3] [4] [5] [6] [7] [8] . Moreover, degree of itchiness and sleep disorders are strongly correlated. Sleep disorders were previously identified in patients with moderate or worse itchiness at a rate of 1.9-to 3.7-fold higher than in patients without itchiness [5] . In addition, patients reporting moderate or severe itchiness that affects daily life also have depression at a rate of 1.3-to 1.7-fold higher than patients reporting no itchiness [2] . The degree of itchiness and survival rate are negatively correlated in patients undergoing hemodialysis [2, 3] . Thus, because pruritus in patients undergoing hemodialysis reduces quality of life (QOL) owing to sleep disorders, depression, and other adverse effects and negatively impacts prognosis, it is a major complication that requires careful treatment.
When diagnosing pruritus, selecting therapeutic strategies, and predicting therapeutic outcomes, both the patient's individual and subjective sense of the degree of itchiness needs to be assessed numerically based on the use of a uniform scale and quantitatively based on an objective measure. The scales used for assessing itchiness include the visual analog scale (VAS) [9] [10] [11] [12] , numerical rating scale (NRS) [10] [11] [12] , and verbal rating scale (VRS) [10] [11] [12] . VAS and the Shiratori severity score for pruritus (Shiratori score) [13] , divided into a type of VRS, and the Kawashima classification [14] , a simplified version of the Shiratori score, are commonly used in Japan. However, because VAS rates itchiness in increments along a 100-mm line and NRS uses integers from 0 to 10 to indicate the degree of itchiness, problems such as "the degree of itchiness is difficult to accurately express because the standard is vague," "it is impossible to assess multiple aspects of itchiness with a single number," and "the score is influenced by the symptoms of itchiness and the patient's emotional state immediately before taking the test" have been reported [11, 15] . VRS, in which patients express the degree of itchiness by selecting words, has received the following criticism: "There are too few categories with which the patient is required to express minute changes in itchiness, and the differences between the categories are unclear, which results in quantitative inaccuracy" [12] .
By contrast, the Japanese version of the 5-D itch scale (5D-J), developed by Ebata et al. in 2015 [16] , is based on the 5-D itch scale that was originally developed in the USA in 2010 [17] and uses a point system to assess the duration, degree, direction, and distribution of itchiness as well as the disability caused by itchiness. Each component is rated on a scale of 1-5, giving a maximum score of 25. The 5D-J is a self-administered questionnaire that the patient can complete quickly and easily, with a scoring system that allows for quantification. While the VAS and the Shiratori score evaluate only the degree of pruritus, the 5D-J evaluates pruritus multidimensionally by assessing duration, direction, effect on QOL, and distribution of itchiness, in addition to degree of itchiness. This detailed assessment of pruritus is an advantage of the 5D-J that may make it useful in routine clinical practice and enables an overall evaluation of multiple factors associated with pruritus [17] . In Japan, a validation study in adult atopic dermatitis patients has already confirmed the reliability, validity, and responsiveness of the 5D-J [18] .
In this study, we used 5D-J to assess the degree of itchiness experienced by patients undergoing hemodialysis and assessed its clinical usefulness.
Methods
Subjects were 336 patients undergoing maintenance hemodialysis at our facility in October 2016. The patients were selected from 383 patients, of whom 20 were excluded because their itchiness was identified as being dermatologic in origin and an additional 27 were excluded because their localized itchiness was related to vascular access. Table 1 summarizes the baseline characteristics of the patients. There were 213 men and 123 women; median age was 70 years, median number of months on dialysis was 66 months, and primary illnesses were diabetes (n = 152), chronic glomerulonephritis (n = 87), nephrosclerosis (n = 35), other (n = 35), and unknown (n = 27).
The itchiness of all patients was assessed in terms of five components (duration, degree, direction, disability, and distribution) using 5D-J in October 2016 (Fig. 1 ). Responses were used to calculate total scores, which were then used to indicate the status of itchiness among patients undergoing hemodialysis at our facility. We also investigated the possibility of a correlation between 5D-J and itchiness determined using VAS and Shiratori scores, which the patients completed at the same time as 5D-J.
VAS is designed as a horizontal line with markings that range from "no itchiness" (0 mm) on the extreme left to "worst possible (or "unbearable") itchiness" (100 mm) on the extreme right. In cases of "worst possible itchiness," patients further indicated the degree of itchiness on a vertical line. The distance (in mm) from the extreme left side to the marking on the vertical line was determined.
The Shiratori score separately indicates itchiness during daytime and nighttime. Daytime itchiness is rated on the following 5-point scale: 0, no itchiness (no symptoms); 1, bearable without scratching (negligible); 2, subsides with some scratching (slight); 3, subsides with considerable scratching (moderate); and 4, does not subside with scratching and leads to more scratching (severe). Nighttime itchiness is rated on the following 5-point scale: 0, no itchiness (no symptoms); 1, very little itchiness noticed when in bed, not particularly aware of itchiness, and able to sleep (negligible); 2, some itchiness that subsides when scratched, not waking up because of itchiness (slight); 3, waking up because of itchiness, can sleep after scratching but unconscious scratching while asleep (moderate); and 4, almost completely unable to sleep because of itchiness, frequent scratching but itchiness only worsens (severe).
We investigated the correlation between 5D-J, VAS, and Shiratori (daytime and nighttime) scores using Spearman's rank correlation coefficient. The results were determined as follows: r = 0, no correlation; 0 < |r| ≤ 0.2, almost no correlation; 0.2 < |r| ≤ 0.4, weak correlation; 0.4 < |r| ≤ 0.7, moderate correlation; 0.7 < |r| < 1.0, strong correlation; and r = 1.0 or − 1.0, perfect correlation. We used the χ 2 , Mann-Whitney U, Fisher's exact, and Student's t tests for the other analyses. In all analyses, p values less than 0.05 were considered statistically significant. All statistical analyses were performed with SPSS version 23.0 (IBM Japan, Ltd., Tokyo, Japan).
This study was conducted with the approval of the Tsuchiya General Hospital Institutional Review Board for Human Investigation (approval number: E170619-2) and performed according to the principles of the Declaration of Helsinki. Prior verbal consent was obtained from all patients enrolled in this study. The fact that patients provided consent was recorded in their medical records. The need for written informed consent was waived due to the strict maintenance of patients' anonymity and the observational nature of the study.
Results

Assessment of itchiness using 5D-J Duration
In total, 307 patients (91.4%) reported "less than 6 h," 17 (5.1%) reported "6-12 h," 8 (2.4%) reported "12-18 h," 1 (0.3%) reported "18-23 h," and 3 (0.9%) reported "all day." Degree Overall, 124 patients (36.9%) reported "not present," 164 (48.8%) reported "mild," 46 (13.7%) reported "moderate," 2 (0.6%) reported "severe," and 0 (0%) reported "unbearable."
In addition, we divided the patients into two groups, those who reported pruritus as "not present" (124 patients) and those who reported at least "mild" (212 patients) pruritus. Comparison of baseline characteristics and laboratory parameters between the two groups revealed that patients with "at least mild" pruritus had a significantly higher rate of chronic liver disease (p < 0.05) and significantly more use of moisturizers, topical steroids, and other topical drugs for pruritus treatment (p < 0.001 for each) ( Table 2) . As for laboratory parameters, patients with "at least mild" pruritus had significantly higher whole PTH levels (p < 0.05) ( Table 2) .
Direction
Among all patients, 62 (18.5%) reported "completely resolved," 71 (21.1%) reported "much better, but still present," 61 (18.2%) reported "a little bit better, but still Disability Sleep "Never affects sleep" was reported by 239 patients (71.1%), "occasionally delays falling asleep" by 73 (21.7%), "frequently delays falling asleep" by 9 (2.7%), "delays falling asleep and occasionally wakes me up at night" by 10 (3.0%), and "delays falling asleep and frequently wakes me up at night" by 5 (1.5%).
Leisure/social activities "Never affects leisure/social activities" was reported by 268 patients (79.8%), "rarely affects leisure/social activities" by 23 (6.8%), "occasionally affects leisure/social activities" by 23 (6.8%), "frequently affects leisure/social activities" by 3 (0.9%), "always affects leisure/social activities" by 2 (0.6%), and "not applicable" by 17 (5.1%). Housework/errands "Never affects housework/errands" was reported by 273 patients (81.3%), "rarely affects housework/errands" by 25 (7.4%), "occasionally affects housework/errands" by 17 (5.1%), "frequently affects housework/errands" by 1 (0.3%), "always affects housework/errands" by 2 (0.6%), and "not applicable" by 18 (5.4%).
Work/school Among all patients, "never affects work/ school" was reported by 256 patients (76.2%), "rarely affects work/school" by 25 (7.4%), "occasionally affects work/school" by 10 (3.0%), "frequently affects work/ school" by 3 (0.9%), "always affects work/school" by 2 (0.6%), and "not applicable" by 40 (11.9%).
Distribution
Almost half of the patients (n = 150; 44.6%) reported "back," followed by "head/scalp" (n = 82; 24.4%), "abdomen" (n = 62; 18.5%), and "lower legs" (n = 54; 16.1%) (Fig. 2) .
Total scores
Total score was 5 points in 55 patients (16.4%), 6-9 points in 176 patients (52.4%), 10-14 points in 95 patients (28.3%), 15-19 points in 9 patients (2.7%), 20-24 points in 1 patient (0.3%), and 25 points in 0 (0%).
The median total score of all patients was 8 points. We divided the patients into two groups based on their total score, with 145 patients in the "≥ 9 points" group and 191 patients in the "≤ 8 points" group. Comparison of baseline characteristics and laboratory parameters of the two groups revealed that the "≥ 9 points" group included significantly more patients with ischemic heart disease (p < 0.005) and significantly more patients who had been prescribed moisturizers, topical steroids, and other topical drugs for the treatment of pruritus (p < 0.001 for each medication; Table 1 ).
Correlation between 5D-J and VAS
A strong correlation was observed between degree on 5D-J and VAS score (r = 0.7588; p < 0.001). Correlations were also found between both disability (r = 0.6005; p < 0.001) and distribution and the VAS score (r = 0.4945; p < 0.001; Table 3 ). The 5D-J total scores and VAS scores were also strongly correlated (r = 0.7159; p < 0.001; Fig. 3 ).
Correlation between 5D-J and Shiratori score Daytime
A strong correlation was observed between degree on 5D-J and the Shiratori score (r = 0.7457; p < 0.001). Correlations were also found between both disability (r = 0.5201; p < 0.001) and distribution and the Shiratori score (r = 0.4674; p < 0.001; Table 4 ). In addition, a correlation was observed between the 5D-J total score and Shiratori score (r = 0.6441; p < 0.001; Fig. 4 ).
Nighttime
Correlations were found between degree, disability, and distribution on 5D-J and the Shiratori score (r = 0.6099, r = 0.5811, and r = 0.4097, respectively; p < 0.001; Table 5 ). A correlation was also observed between the 5D-J total score and Shiratori score (r = 0.6352; p < 0.001; Fig. 5 ).
Fig. 2 Distribution of itchiness
Correlation between 5D-J and objective parameters We examined the relationship between 5D-J score and objective parameters, and no correlation was found (Table 6 ).
Discussion
In this study, we assessed the status of pruritus among patients undergoing hemodialysis at our facility using 5D-J, which is a new assessment scale for itchiness. We also investigated the usefulness of 5D-J by determining whether correlations existed between 5D-J and VAS and Shiratori scores, which the patients completed at the same time as 5D-J.
In summary, our assessment of the status of itchiness using 5D-J provided the following results. For duration, 91.4% of the patients reported < 6 h/day. For degree, 63.1% reported mild or more severe itchiness, which is comparable to the 60-80% previously reported [1] [2] [3] [4] [5] [6] [7] [8] . However, 14.3% of the patients in our study reported moderate or more severe itchiness, which was lower than the 30-50% previously reported [1] [2] [3] [4] [5] [6] [7] [8] . In addition, no patients reported unbearable itchiness. For disability, the percentages of patients who reported "never affects (this activity)" were as follows: sleep, 71.1%; leisure/social activities, 79.8%; housework/errands, 81.3%; and work/school, 76.2%. These results indicate that itchiness did not negatively affect the QOL of 70 to 80% of the patients at our facility. An assessment of the total scores indicated that > 95% scored ≤ 14 points (of a possible maximum 25 points). In the high-scoring group, comprising patients with total scores > 8, the number of patients with comorbid ischemic heart disease was significantly higher; the reason for this is unclear. Moreover, in the high-scoring group, significantly more patients were prescribed moisturizers, topical steroids, and other topical drugs. We believe the reason for this difference is that, compared with the low scoring group, factors that worsen pruritus such as dry skin, inflammation due to scratching, and secondary rashes may have been more prevalent in the high-scoring group.
In the group with "at least mild" pruritus, whole PTH level was significantly higher, as was the rate of chronic liver disease. Secondary hyperparathyroidism [3, 5] and viral hepatitis [19] have been reported to cause pruritus in hemodialysis patients. Thus, we believe clinicians should take particular note of pruritus in hemodialysis patients with secondary hyperparathyroidism or viral hepatitis.
The therapeutic strategy for pruritus experienced by patients undergoing hemodialysis was revised at our facility in June 2009 by creating and introducing a new treatment algorithm. In particular, in addition to investigating dialysis techniques (e.g., protein adsorptive dialysis with a polymethylmethacrylate membrane and predilution online hemodiafiltration), as well as pharmacotherapies including the selective κ-opioid receptor agonist nalfurafine hydrochloride, we actively promoted skin care using moisturizers and provided lifestyle guidance. This treatment algorithm has been reported to be useful [20, 21] . In the current study, we found that in general, the duration of itchiness was short, degree was mild or less severe, and few patients experienced a negative effect on QOL owing to moderate or more severe itchiness or disability. We believe that these results reflect the success of the treatment algorithm currently being used at our facility.
Our study of itchiness distribution indicated that almost half of the patients reported "back," which is consistent with previous findings [1, 4] ; after this body location, patients reported the head/scalp, abdomen, and lower legs. The distribution section comprises 16 detailed sites on the body where itchiness can be experienced. Because this allows patients to indicate the precise sites of itchiness, such data would be useful in appropriately selecting sites that require treatment.
Our study of the correlation between 5D-J, VAS, and Shiratori scores indicated that degree, disability, and distribution were all correlated, in some cases moderately or strongly. Our analysis of direction showed that 139 patients (41.4%) reported "unchanged." However, we believe that this reflects the fact that no change occurred in the symptoms experienced by patients who originally reported "no itchiness" or "mild itchiness." Furthermore, the correlation coefficients between these sections, VAS scores, and Shiratori scores were r = 0.2330, r = 0.2309, and r = 0.2265, respectively, indicating weak correlation. Thus, these results may not allow for an objective assessment of itchiness.
A strong correlation was observed between 5D-J total scores and VAS scores, as well as a correlation between 5D-J total scores and both daytime and nighttime Shiratori scores. In their study of 409 patients undergoing hemodialysis, Lai et al. reported a strong correlation between the 5-D itch scale and NRS (r = 0.831; p < 0.001) and also reported that the 5-D itch scale was a reliable multidimensional assessment scale of itchiness for use in patients undergoing hemodialysis [22] . In the present study, a strong or moderate correlation was found between multiple components, as well as 5D-J total scores, VAS scores, and Shiratori scores, possibly indicating that 5D-J is useful for comprehensively assessing itchiness experienced by patients undergoing hemodialysis.
Limitations of this study should be considered. As a result of continued treatment of pruritus based on our treatment algorithm, the number of patients with "severe" pruritus has gradually decreased over the years. At the time of our study in October 2016, of the 336 study patients, only 2 (0.6%) had "severe" itchiness and none had "unbearable" itchiness. The scarcity of patients with "severe" or "unbearable" pruritus may have influenced our study results and may have limited the assessment of this scoring system. In addition, because we did not compare 5D-J with other scales such as NRS or VRS to identify whether correlations exist between these scales, we are unable to comment further on the reliability of 5D-J.
Conclusions
The 5D-J is a simple, yet comprehensive, assessment system for pruritus that evaluates not only the degree but also the overall status of pruritus based on multiple features. Thus, it may be more useful than the VAS and the Shiratori score as an objective assessment scale of pruritus in hemodialysis patients. 
